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REPORT

ON AN XP-jl AIRPLANE

c. Williams

. . ; \
. . . .

A I?li&t investigation”was”made to determine the
. . .

effectiveness ot dive~recovery flaps Installed on the
XP-51 atrplane as a safety device for recovery from con-
templated terminal-velocity dives. This dive-recovery-
flap Installation is described and results are presented
of measurements obtained during stick-freepull-ups and
pull-outs made by deflecting the dive-recovery flapa to
two selected values of-flap a le.

Y
Tests were made for

a range of Mach numbers to 0.7 “at an altitude of approxi-
mately 20,000 feet. .

The results of the tests showed that the flap effec-
tiveness decreased after a Mach number of 0.65 was reached
and Indicated that a satisfactory dive recovery could be
made by deflecting the dive-recovery flaps 21.5° at Mach
numbers up to the estimated terminal Mach number of the
airplane. ‘Resultscalculated from data obtained in tests
using a 30° flap deflection Indicated that the design
load factor may be exceeded during high-speed dive recov-
eries at.altttude.sbelow 15,000 feet. The tests further
showed thatino buffeting occurred
defleched and that no rolling of
encountered during tests when the
ue~ually. ~.

when the flaps were
thl a$rplane was
flapq were deflected

“l~RODUCTION. . .

-.. .
““ Considerable’difficulty has been encountered in

recoveri~ from high-speed-dives with present-day fighter
alrplanbs.” “(Seereference 1.) Unpublished wtnd-..,
tunnel .testisof the Lockhe-edP-38 airplane qnd fltght. “
tests of th& Republic P-47 airplane have shown that
dive-recovery-flaps,which are small auxiliary flaps
on the under surface of the w$ng, are effective in pro-
ducing the acceleration required to effect a dive pull-out

.
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at high speeds, even:when othe~~eofitdQla+proveuseless.
The North Ameripan XP-51 a~zlan~, on which dive tests
up to the terminal Mach number were .belngmade, was
thbi%fo~e equipped.with dive-rbcovery’flaps as a Safkty
measure. . . . . . :

Tests of the dive-recovery flaps were made as part
of the general program of dive tests. A description of
the design and installation of dive-recovery flaps is
presented herein together with data obtained in flight
to determine their effectiveness.,.

. . . .. . .
. . :.

APP~TUS . ..
..

..

.- Tests were made of the dive-recovery
flap6%%%ed onan XP-~laWplane. Aphotograph o;” ~
tlieairplane is shown In figure “1and pertinent dimen- -
siong-and.’dataare g“ivenIn the following table? .

,.

Airplane
. .

5OverAll length”. . . . . ; . i ... . . .,. 32ft 2~ In.

Hil&ht” .. . . . . 11 f% 9 In.
Gross we~g&”(~t”t;k;-;f;).”.I I , . . . . . . . . 787o
Center of gravity .(attake-off),
percent mean aerodyn~ic chqrd . . . . . . . . 28.4 ‘

Ih&ne ‘ Allison v-171o-83
. .

RatI&:.’ .
,.

Take-off . . . . . 11 0 horsepower at 2800 rpn and.
k .8 in. mercury at sea level

Military . . . . . 1150 horsepower at 3000 rpn and
. .45.9 in.mercury at 9600 ft

Normal . . . . . . 1000 horsepower at 2600 rpu and
39.5 in ● mercury at 9000 rt

Propeller ‘ . Curtiss constant-speed..,

Diameter” . . . . . . . (. . . . . . . . 10 ft”6 in. .
Numberofblades . . . . . . . . . . . ., . . . . 3

., . .

“
. .
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<..—. .
wing “-.

. -. . . ..

Area, si ft . . . . . . . . . . . . . . . . . ~ 237.g;”
span, ft
Mean aerodfi&~c”c&d; ~nl 1 ~ 1 1 I 1 1 1 1 . 79160
Leading edge of mean aerodynamic chord
relat~ve rto leading edge of’root
chord, ln. . . . . . . . . . ... . . -.”. 8.Oabove. .

6.1 behind
Horizontal tail .

..

Area, sql’t . . . . . . . . . . . . . . .. .. . .41..8
Spare,in. . . . ... . . . . . . . . . . . . . 158.0

Dive-recovery f’laps.-The dive-recovery flaps were
designed and ihstalled at the Langley Laboratory of
the NACA. The size and location of the dive-recovery
flaps are shown In f’igurez. These flaps were construc-
ted of’l~-inch mild steel, were attaahed at the leading
edge by a piano hinge, and were hydraulically operated.
Wternal views of the flap installation are shown in
figure 3. The size and location of the flaps were
selected to simulate“asnearly as possible the dive-
recovery flaps on the P-47C airplane. The relative size
and location of the flaps, based on wing dimensions, on
the P-4.7Cand XP-51 airplanes is shown in the following
table:

Ratioof Ratioof Ratioof
flapspanflapchordflaparea

~rp- towing towing towing
span ohord area

P-47C
I
o.19&l I0.0796

I
0.0166

XP-51 ●1350 .08’75 .Ola+
, 1 I

---L
Locationof Chordwise
inbosrdend looationof
of flap,per- flaphinge
oentaemispanline,peroent
frcnllplaneof 100al
W*Y wingohord

The ratio of flap span to flap chord was somewhat dif-
ferent for the XP-51 airplane from the ratio for the
P-47C airplane. This difference, however, could not be
avoided since the flap span.of the XP-51 airplane was
llmited by structural considerations; and the chord was
increased to maintain an area monortlonal to the area
of the flap of
considerations

—. .

the P-47C alrpl~nel ~ese same structural
prevented placing the dive-recovery flap

—
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as far Inboard as the dive-recovery flap on the P-47C air-
plane. An attempt was made, however, to have as much of’
the flap as possible in front of the horizontal tail,
since wind-tunnel tests have shown that a part of the
effectiveness of the flaps Is due to a change In downwash
at the tall. An initial dive-recovery flap deflection
of 300 was used~ because experience has shown that greater
deflections would cause serious buffeting.

Instrument&.- In the tests of the dive-recovery flaps
on the XP->1 airplane, standard NACA recording instru-
ments, synchronized by means of a timer, were used to
obtain the following quantities:

IndZcated airspeed
Normal and longitudinal acceleration
Altitude
Elevator positton
Dive-recovery-flap position
Elevator and aileron stick forces
Pitching angular veloclty
Pressure variation at orifice on upper surface of

stabilizer (see fig. 2)

Temperature of the free air was obtained from an indi-
cating resistance thermometer corrected for adiabatic
rise.

SYMBOLS

An. incremental normal acceleration, g units

AFe elevator stick-force increment, pounds

x longitudinal position of center of gravity, per-
cent mean aerodynamic chord i

Ax percent change In center-of-gravity position from
selected value

dFe/th stick force per g, pounds per g

af dive-recovery-flap deflection, degrees

P standard air density, slugs per cubic foot

.“
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a velocfty of -sound,feet per seoond

w -~@08a we-ight.of .-alrplang~,pounds. . . .
.. ...-..-J

rd. Mach number

Be elevator derlectiori,degrees

TESTS, RESULTS, AND DIS~SSION

The c&racteristlcs of the dive-reoovery flaps on .
the XP-51 airplane were investigated at Mach n~bers
ranging from o.~ to 0.76. The’airplane was trimmed for
zero stick force In gliding flight at a given speed and
then the dive-recovery flaps were deflected. Records

were taken of the dd.ve-reoovery-flapdeflection and the
ensuing maneuver. The pilot was instructed to simulate
the stiok-free condltlop during the maneuver qnd to uae
control only to prevent excessive accelerations. The
test runs were all,made at a pressure altitude of approxi-
mately 20,000 feet.

Time histories of use of’ the dive-recovery flaps
with the Initial dive-recovery-flap deflection of 30°
are shown In figures 4 to 10. These figures show that
the increase in normal acceleration due to use of the
dive-recovery flaps Is smooth and slmllar to that whloh
a pilot would effect in a dive pull-out. It may be
noted that even though in several of these maneuvers
the dive-recovery flaps did not deflect equally, the.
pilot reported no appreciable rolling, which indicates
that some differential-flap action can be tolerated.
The time histories of pressure coef’ficlent p/q at an
orifice on the upper surface of the horizontal tail
(fig. 2) were uqed to detetine whether any tail buf-
feting occurred during use of the dive-r6covery flaps.”
The data confirmed the pilot~s opinion that no buffeting
oocurred. The size and length of tubing connecting the
orifice to the recording pressure cell was such that
oscillations of about”25 cycles per second or.less could
easily be recorded.

From the data given .infigures 4 to 10, the ohange
In normal acceleration An due to use of the dive-
recovery flaps at various Maoh numbers was determined.

.

L —— — .—-
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These values of An are given In table I.” In evaluating
these data the Mach nwnber was taken at the time of appli-
cation of the dive-recovery flaps; the altitude and flap
deflection used were those at which maximum acceleration
occurred. In the case of unequal dive-recovery-flap
deflection, a mean value of right and left dive-recovery-
flap deflection was used. In figures 4 to 10 some slight
variations in the altitude and dive-recovery-flap deflec-
tion, which tend to introduce scatter in the measured
results, are shown “tooccur at the time of maximum accel-
eration. In addition, some expertiental scatter resulted
from the pilotts applying small amounts of elevator stick
force..duningthe maneuver.and from slight differences in
the wetght and center-of-gravity position for the various
rune. Because of’these differences, ths values of’normal
acceleration due to use of the”dive-recovery flaps were
oorrected to.the following selected conditions:

Change in elevator stick force during maneuver . . . . 0
Altitude, feet . . ● . . . ● . . . . e“. # . . b 20,000
.Flap deflection, degrees . . . . ‘.. . . . . . . . . 30
Weight, pounds . . . . . . ti. . . . . . . . . .. . 7750
Center-of-gravity position, percent mean

aerodynamic chord. . . . . . . . . . . . . . . 28.4
..

In correcting the data to the foregoing conditions,
it was assumed that the operation of the dive-recovery
flaps does not change the slope of the wing-lift curve,
that the effect of the dive-recovery flaps is linear
within a small range bf flap deflections on either side
of the selected flap deflection, and that the resultant
change in normal acceleration or change in lift coeffi-
cient Is independent -of the lift coefficient for trim
with the dive-recovery”flaps undef.lected.....

The:values of incremental normal acceleration were
corrected to “zerochange in.ele”vatorstick force and only
the elevator stick forces were corrected for center-of-
gravity position by the following equation”:

(An)*Fe=O = An +
AFe

(%9s +!!?,.] .
. .

--— -—

.“. .
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where subscript s denotes the selected conditions pre-
vl’ouslyspecified. The value of An was not corrected
for.p-e t~ Genter-of=gratity.pozai,tlonbecause the,.
effeot of this variable had not been determined from
flight tests. It is thought, however, that such a Corr
rection would have q larger effect on the measured results

4-)

dl?e

‘xthan the correction obtained from ~ Ax.

The values of dFe/ti” and the rate of change
of dFe/ti with center-of-gravity position were deter-
mined from the fllght tests as 8.5 and 1.2, respectively,
for the selected center-of-gravityposition. In deter-
mining 4Fe, stick-force increments of less than 1 pound
were ignored since such values would be within the accu-
racy-of the control-force recorder. The increment AFe
was determined as any change In applied stick force that
would contribute to a change In the acceleration resulting
from deflection of the dive-recovery flaps. The values
of AFe and Ax used are given In table I. Values of
Incremental normal acceleration corrected for stick-force
change and center-of-gravityposition are also given in

table I.

The values of Incremental acceleration An were
corrected to the selected altitude, flap deflection, and
wei”ghtby the following equation:

.

AnB = (An),,eo(-)(%)(t)

values of Ana are given in table I. These values qre
shown plotted against Mach number in f’igura11. 0urve8
are also given in figure 11, which show the -effectof
the dive-recovery flaps at altitudes ranging from 10,000
to 25,000 feet, These curves were derived by the fol~
lowing equatlon~

(Pa)2a1tH

An20,000 ft (Pa2)20;OOO.ft . .

1 —..
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In.calculating .tllpe.f’fwtQf the dive.-recovery.flapa at
altitudes other than .2QJ)bU’feet, the-same a.ssumptlon
was made as In cqrrectlng tliedata to the.selected alti-
tude - that 1s, “therequlta t change In normal accelera-
tion Is independent of the rift coefficient required to

-. trim .t.heairplane”with thq dive-recovery flaps unde.fleeted.
“., .A”scan be seen In figure 11.,dfve-recovery flaps deflected

300 can cause acceleration increments at the lower alti..
tudes in excess of the.design load factor of the airplane.
When thig possibility became evident, the dive-recovery-
flap deflection was reduced to 21.5° and tests were
repeated. ,:.

. : . .. :
jFi&@is 12 to 21 are ’timehistories of the.t~st runs.... -

. rn.a@with the dive-recovery flaps deflected 21.5°. The
cha~e In”normal accelerate.m with”Mach nw.ber was deter-... . ..1 mined and the values of incremental acceleration were

-..... ..-.corrected.t.o..theselected conditions In the same Way as
for the tests of the dive-recovery flaps deflected 30°.

1....... The.varlationof’change in normal acceleration due to
...... ...+.“.defilectfngthe dive-recovery flaps 21.5° with Mach number
.. ..2s shown in figure 22. The curve shown for the variation

Qf:.~O~al.aCCeleratiOri. with Mach number at an altitude .
.,. of 120,000feet was obtained from the corrected test

results and the curves for other altitudes were ‘calculated
on.ths basis of these results. Figure 22 shows that the
dive-recovery flaps set at 21.5° will produce an adequate

..stlcJc-freedive recovery at all practical altitudes within
the.Mach number range tested without exceeding the llqit:.
load factor of the airplane.

Figures 11 and 22 show that the maximum effectiveness
of the.dive-recovery flap when deflected occms at a Mach
number qf approximately 0.65 with a decrease In effec-
tiveness as the Mach number is Increased. Also, no con-
sistent trend is apparent when test values of either
flap-deflection setti~ are corrected to 21.5° or t0300;

., therefore the effect of the flaps can be considered td
be linear between these two angles.

,.
. .. Tests to”terminal Mach number of the airplane.,which

IS estimated to be 0.82, have not been made using the
dive-recovery flaps. The present data, however, indicated
that the dive-recovery flaps would @ an emergency effect
a satlsfactb$y dive recovery at the estimated terminal
Mach number.of the XP-51 airplane.

.
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me elevator defleot$o.nsthat wotid cause a change
In longitudinal trim equivalent to that c&used by
deflecting the dive-recovery flEps were determined by

flylng with the gaps.,qd.efle.cted and vflth the flaps.
s ..,,“defleoted 30°. The data obtained are given In figure 23,

whfoh shows that defl.eoting’the dive-recovery flaps 30°,
in tiheB@oh number range tested, wmild re$miltIn a normal
acoelenation corresponding to that obtained with approxl-
nmtely 2° change in elevator deflection. At very hl&
Mach numbers, however, the elevators may beoome relatively
less ef’feotivein produoing a ohange in normal aooelera-
tlon. . .

Wind-tunnel tests have shown that the change in
longitudinal trim provided by the dive-reoovery flaps
at hi

P
Maoh numbers is caused by a ohange In pitohing

momen of the wing am.by a change’in “anglaof attack
of the tall. The ef.feCtof ohange in pttchlng moment of
the wing is rather small oompared with the effect of the
ohange in angle of attaok at the tall when the dlve-
reoovery flaps are plaoed at about one-third of the wing
chord behind the leadlng edge. If the flaps are Installed
farther back on the wlng,the wing pitching moment beoomes
negative and is of such magnitude as to onuse an appreciable
reduction In the effect of the dive-recovery flaps. me
two factors that contribute to the ancle-of-attaok ohange
at the tail are: (1) a decrease in an@e of attaok to
maintain the some lift (chanae In the arucleof zero lift),
and (2) a change in dowr&ash-at the tail-due to a cha~e -
in spanwise loading on the wing, The cha~e in downwash
at the tall due to the altered spanwise loading can be
seen to be greatest *en the dive-reoovery flaps are
directly ahead of the tail,

.

Available data Indicated th~.tseleotlon of satis-
factory dive-recovery flaps for any conventional airplane
Is possilile. The flaps should.be located approximately
one-thtrd of the wing chord behind the Ieadlng edge and
shotid be ahead of the horizontal teil. The selection of
dimensions of the dive-recovery flaps shotid be based on
wing dimensions as in the present case. -somewhats~ller
dtve-recovery flaps could probably be tolerated If the
dive-reoovery-flap deflection wore increased. The rate
of dive-recovery-flap deflection should bo similar to
that used in the present tests since lower rates might
result In a slower recovery with a resultant greater loss
of altitude in recovery even though the same value of

\.
,

. .

..
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. .
maximum .acoeleratilmwould fintilly”bereached. Flight
testsj as’in.the present in”veatigation,”wiil probably be
necessary *O obtain the final fJap”configuration, but a
step-by-step test prpgram similar to the one described
herein can be.-conducted with a mlntium amount of danger .
involved. ..“.

CONCLUSIONS

From results of flight tests to determine the effec-
tiveness of dive-recovery flaps as installed on the North
American XP-51 airplane the following conclusions were
drawn: .. . . .

1. The dive-rec&very f’~apso,nthe XP-51 airplane
provided a smooth dive recoveuy at.high speeds with little
lag between deflection of the f’lapsand the resultant .“.
acceleration. . .

2. The effectiveness of the dive-recovery flaps
varied linearly with deflection.within the deflection
range tested.

3. The effectIveness of the dive-recovery fla s
zIncreased with an increase In Mach number Lp to O. 5 and

then gradually decreased with further increase in Mach
number.

,.
.4. No buffeting resulted from the use of the dive-

recovery flaps at any speed tested and no rolling of the
airplane was encountered during tests when the flaps
were deflected unequally.

5. The data indicate that the dive-recover flaps
zused on the XP-51 airplane, when deflected 21.5 , will

probably effect satisfactory dive recovery up to the
estimated termtnal Mach number for the airplane without
exceeding the design load factor anmrhere jn the
spe~d Results calculated.from dtitaobtained
in test~a%& a 30° flap deflection indicated that.the
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design load faotor may
altitudes below 15,000

, ... .......... -.. ..

11

be exoeeded at high speed at
feet.

, - ----- .- .-

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics

Lqgley Field, Va.
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ITA~LE 1,. SUMMARY OF Pb~TINENT MEASURED AND CORRECTED

OBTAINED DURING DIVE-RECOVERY-FLAP DEFLECTION

.
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.— )
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, (g) (lb) ‘-”” selected center- i
weight and a weight, and a I

I
of-gravity

flap deflection , ~.lap deflection
position of’ jof~)

–____L ______
Of 21.50)

.—. ——.- ..—
Dive-recovery-flap Ueflectionj

~~o
J

r

~ - ~.60 2.50 ~.~ ——r—— Loy~ ‘—----- ~:;~
~—

~ ~.~ ;.::
I 4.0

-.23
?t

k
;“; t

3.8
-.15 i .86

7
t

:75 I 6:50 -.o~ ~:52 1
?4

.12 k3:17
8 .35! 2.00 . o~” I ~ yl1.

u

~: ‘5.8 ~.oo .35 ~:?: ! ;;
6.15 3.50

0.15
.67 ~ 6.56 ~ 6.03 i J&

_._—~ –.—
Dive-recovery-flap deflections 21.50

—.——
‘—12 o.2b~----- 0.04 -~

—..
0.24 I O:;$ ;

;~ ~::~~:;::j!

o.2~
.12 i .60 I

i
.59

.~o j 1.29 ~*77 1.26

.28 i 2.23
‘;:~; \ ::(); ‘.5 i

.11 2.22
16

t
3.19 .19 3.00

1~ . . .’3 2.80 3.69 2.64

18 t:k5 ;:;;
.12 b.57 6.11

1

19
20 4.55 1.00

.28
●L3

4.77 6.18
4.66 I

~:g
5.84

21 3.95! 5.00 ● 59 4.49 ! 5.37 3:8)+



!2
3
c)
>

z
o.

Figure l,- Three-quarter front view of the XP-51 airplane. G
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Figure2.- Locationof dive-recoveryflapson the
XP-51airplane.
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NACA ACR No. L5D20a Fig. 3a,b

(a) Flap deflected 30°.

[b) Flap fully retracted.

Figure 3.- Dive-recovery flap located on left wing
of the xP-51 airplane,
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Figure ~.. Varlatlon of basic measured quantities during dlve-rncovery -
flap deflect.ton. Dive-recovery-flap deflection, ~oo; “elgbt,7870po~ds;
center-of-gravity poaltlon, 28.7~ percent mean aerodynamic tiord.
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Fig. 5

Figure 5.- Varlatlon of bnslc measured qumtlties during dive-recovery-flap
deflection. Dive-recovery-flap deflection, 30°; wei@lt,7~50 pounds:
center-of-gravity position, 28.63 percent mean aerodynamic chord.
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Figure 6.- Varlntlon of basic measured quantities during dive-recovery-flap
deflection. Dive-recovery-flap deflection, 300; weight, ~810 pounds;

center-of-gravity poaltion, 28.55percent mean aerodynamic chord.
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7Zme, sec 77rne, sec

Figure 7.- Varlntlon of basic measured quantltfe~ during dive-TecOverY-flaP
deflectlcm. Dive-recovery-flap deflection, 30 ; weight, 7730 pounds;
center-of-gravity pOslti On. .z’9.J47percent mean BerOdP~lc ch’xd”
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Figure 8.- Varlatlon of basic measured quantities during dive-recovery-flap
deflection. Dive-recovery-flap deflectl On, 30°; weight, 7870 pounds;
center- of-grnvlty posltlon, 28.36 percent mean aerodynamic chord.
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Figure 9.- Varlatlon of basic measured quantltlea during dive-recovery-flap
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Figure 10. - Vari atlon of basic measured quantities during dive-recovery-flap
d~flectlon. Dive-rec every-flap deflect ion, 30°; weight, 763opounds;
center- of-~ravlty position, 27.73 percent mean aerodynamic chord.
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NACA ACR No. L5D20a Fig. 12
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Fig. 13 NACA ACR No. L5D20a
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Fig. 15 NACA ACR No. L5D20a
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Figure 21. - Varlatlon of basle measured quantities during dive-recovery-flap
deflectlm. Dive-recovery-flap deflectim, 21.5°: weight, 7660 pounds;
CenteP-Of-gravity pOsltl On, 27.81 percent mean aerodynamic chord.



Figure 22. - Variation of normalaccelerationduetouseofthedive-recovery
flapa with Mach number at varloua altltudea. Dive-recovery-flap deflec-
tion 21.50; XP-51 airplane.
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Figure 23, - Elevatordeflectionrequiredto malntaln’trim during dive with
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